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Compns. and methods are provided to make, isolate, characterize and use 
regulatable, catalytically active nucleic acids (RCANA) . The present 
invention is directed to RCANA that transduce mol , recognition into 
catalysis. Also, RCANAs according to the invention can be used as 
regulatory elements to control the expression of one or more genes m a 
metabolic pathway. RCANAs can also be used as regulated selectable 
markers to create a selective pressure favoring (or disfavoring) prodn. of 
a targeted bioproduct . In addn., the RCANAs can be used to regulate the 
activity of a reporter gene in cells and thereby provide a means to screen 
a population of cells for a cell producing a desired bioproduct. Thus, a 
selection scheme to provide protein-regulatable 
ribozymes was developed and applied to tyrosyl-tRNA 
synthetase -regulated group I intron NDl of 

Neurospora to produce hen egg white lysozyme-regulated ligase. This 
ribozyme exhibited a 3100-fold activation by lysozyme, ligating with a 
rate of 0.6 h-1 in the presence of lysozyme but only 0.0002 h-l in its 
absence . 
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RNA in drug development 
Kozu, Tomoko 

Saitama Cancer Cent. Res. Inst., Japan 
Tanpakushitsu Kakusan Koso (2003), 48(4, 
3Gatsugozoka) , 540-548 
CODEN: TAKKAJ; ISSN: 0039-9450 
Kyoritsu Shuppan 
Journal; General Review 
Japanese 

A review on the principle and clin. application of RNA-based drugs and 
biosensors, discussing: (1) gene knockdown by using antisense 
oligonucleotides, ribozymes, dsRNA, siRNA, and group II intron, (2) RNA 
repair by trans-splicing using group I intron 

and spliceosome, (3) functional modification of proteins (VEGF, 
coagulation factor IXa, etc.) by RNA aptamers, and (4) RNA-based 
biosensors using allosteric ribozymes, aptazymes, and 
aptamers . 
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Allosteric ribozymes (aptazymes) that have 

extraordinary activation parameters have been generated in vitro by design 
and selection. For example, hammerhead and ligase ribozymes that are 
activated by small org. effectors and protein effectors have been selected 
from random sequence pools appended to extant ribozymes. Many ribozymes, 
esp. self -splicing introns, are known control gene regulation or viral 
replication in vivo. We attempted to generate Group I self -splicing 
introns that were activated by a small org. effector, theophylline, and to 
show that such Group I aptazymes could mediate theophylline -dependent 
splicing in vivo. By appending aptamers to the Group I self -splicing 
intron, we have generated a Group I aptazyme whose in vivo splicing is 
controlled by exogenously added small mols. Substantial differences in 
gene regulation could be obsd. with compds . that differed by as little as 
a single Me group. The effector-specificity of the Group I aptazyme could 
be rationally engineered for new effector mols. In conclusion, group I 
aptazymes may find applications as genetic regulatory switches for 
generating conditional knockouts at the level of mRNA or for developing 
economically viable gene therapies 
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Compns. and methods are provided to make, isolate, characterize and use 
regulatable, catalytically active nucleic acids (RCANA) . RCANA may be 
used for regulating gene expression and in assays to detect the presence 
of ligands or to detect activation by an effector of an RCANA bound to a 
solid support such as a chip or multi-well plate. Also disclosed are 
compns. and methods for automating the selection procedures of the present 
invention. In addn. , the invention claims diagnostic and therapeutic 
applications. One example of the invention involves construction of an 
RCANA by PCR using primers from the P6 region of the Group I ribozyme, 
cloning of the RCANA or in vitro transcription followed by RNA purifn. , 
and demonstration of theophylline -dependent splicing activity towards the 
bacteriophage T4 gene td intron in vivo or in vitro. As another example 
of the invention, an RCANA was isolated with an activity that was 
increased 75,000-fold in the presence of its protein effector, Neurospora 
crassa mitochondrial tyrosyl tRNA synthetase (CytlS) . This RCANA was 
selected from a pool of randomized sequences spanning the catalytic core 
of LI ligase by selecting for the ability to ligate an oligonucleotide tag 
in the presence of the CytlS effector and affinity capture of the 
oligonucleotide tag. The in vitro selection can be automated by 
immobilization of targets on beads and high- stringency washes to remove 
non-binding species. Activity of another protein-dependent ribozyme was 
increased 3, 5 00 -fold in the presence of hen egg white lysozyme. The 
lysozyme -dependent ribozyme was also activated by turkey egg white 
lysozyme but not by T4 lysozyme and was inhibited by a lysozyme -specific 
RNA binding species. A peptide -dependent RCANA was isolated with an 
18,000-fold increase in its activity in the presence of the arginine-rich 
motif (ARM) from the HIV-1 Rev protein but not the ARM from HTLV-I Rex 
protein. 
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AB This invention relates primarily to functional DNA polynucleotides that 

exhibit allosteric properties and to catalytic RNA and DNA polynucleotides 
that have catalytic properties with rates that can be controlled by a 
chem. effector, a phys . signal, or combinations thereof. In some 
preferred embodiments, the polynucleotides are DNA enzymes that are used 
in soln. or in suspension or are attached to a solid support as biosensors 
to detect the presence or absence of a compd., its concn., or phys change 
in a sample by observation of self -catalysis . Chem. effectors include 
orq compds. such as amino acids, amino acid derivs . , peptides, 
nucleosides, nucleotides, steroids, and mixts . of these with each other 
and with metal ions, cellular metabolites or blood components obtained 
frombiol. samples, steroids, pharmaceuticals, pesticides, herbicides, 
food toxins, and the like. Phys. signals include radiation, temp, 
changes, and combinations thereof. 
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Journal; General Review 

A^'review on the princip^fand clin. application of RNA-based drugs and 
biosensors, discussing: (1) gene knockdown by using antxsense 
oligonucleotides, ribozymes, dsRNA, siRNA, and group II intron, (2) RNA 
repair by trans-splicing using group I intron 

and spliceosome, (3) functional modification of P^^^eins (VEGF 
coagulation factor IXa, etc.) by RNA aptamers, and (4) RNA-based 
biosensors using allosteric ribozymes, aptazymes, and aptamers. 
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switches 

Thompson, Kristin M. ; Syrett, Heather A. 
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Allosteric ribozymes (aptazymes) that have extraordinary _ 
activation parameters have been generated in vitro by design and 
selection. For example, hammerhead and ligase ribozymes that are 
activaJeS by small o?g. effectors and protein effectors have been selected 
?rom random^equence pools appended to extant ribozymes ^^^^V ^^^^^ 
esp self -splicing introns, are known control gene regulation or viral 
replication in vivo. We attempted to generate Group I self -splicing 
In^rins that were activated by a small org. effector, theophylline, and to 
show that such Group I aptazymes could mediate ^^^^^^^ m ^he 

theophylline-dependent splicing in vivo. By appending aptamers to the 
Group I self -splicing intron, we have generated a Group I aptazyme 
whose in vivo splicing is controlled by exogenously added small mols. 
Substantial difLrences in gene regulation could be obsd^ with compds 
that differed by as little as a single Me group. The effector-specificity 
of the Group I aptazyme could be rationally engineered for new 
effector mols. In conclusion, group I aptazymes may find 

applications as genetic regulatory switches for 9^^^^^^^^^, ^^^^^^^^"^^^^^^^ 
knockouts at the level of mRNA or for developing economically viable gene 
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Compns and methods are provided to make, isolate, characterize and use 
reaSlatab?e catalytically active nucleic acids (RCANA) . RCANA may be 

?or regulatLg gene expression and in assays to detect the presence 
of Ugands or to detect activation by an effector of an RCANA bound to a 
solid support such as a chip or multi-well plate. Also ^^^^^f ^^/^^^^^ 
compns. Jnd methods for automating the selection procedures of the present 
invention. In addn., the invention claims diagnostic and therapeutic 
applications. One example of the invention involves construction of an 
RCANA by PCR using primers from the P6 region of the Group I ribozyme, 
cWn^of the RcIna or in vitro transcription followed by RNA purifn. 
and demonstration, of theophylline -dependent _ splicing ^f^^^^^l^Z^^ 
bacteriophage T4 gene td intron in vivo or in vitro. As another example 
of the invention, an RCANA was isolated with an activity that was 
increased 75,000-fold in the presence of its protein effector, Neurospora 
c?as" mitochondrial tyrosyl tRNA synthetase (Cytl8) . ^J^-^^^^J.^^^^^ 
selected from a pool of randomized sequences spanning the catalytic core 
o? Lf Ugase by selecting for the ability to ligate an oligonucleotide tag 
in the presence of the CytlS effector and affinity capture of the 
oligonucleotide tag. The in vitro selection can be automated by 
immobilization of targets on beads and high- stringency washes to remove 
ion-binding species. Activity of another protein-dependent ribozyme was 
increased 3,500-fold in the presence of hen egg white lysozyme. The 
lysozyme-dependent ribozyme was also activated by turkey egg white 
ijsoz^me but not by T4 lysozyme and was inhibited by a lysozyme -specif ic 
R^A binding species. A peptide -dependent RCANA was f ^.^^ 

18,000-fold increase in its activity in the presence of the ^^^^^^^^^^^^ 
motif (ARM) from the HIV-1 Rev protein but not the ARM from HTLV-I Rex 
protein. 
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AB Compns. and methods are provided to make, isolate, characterize and use 
regulatable, catalytically active nucleic acids (RCANA) . RCANA may be 
used for regulating gene expression and in assays to detect the presence 
of ligands or to detect activation by an effector of an RCANA bound to a 
solid support such as a chip or mult i -well plate. One example of the 
invention involves construction of an RCANA by PGR using primers from the 
P6 region of the Group I ribozyme, cloning of the RCANA or in vitro 
transcription followed by RNA purifn., and demonstration of 
theophylline-dependent splicing activity towards the bacteriophage 
T4 gene td intron in vivo or in vitro. Regulatable 

ribozymes have been described, wherein the activity of the ribozyme is 
regulated by a ligand-binding moiety. Upon binding the ligand, the 
ribozyme activity on a target RNA is changed. Regulatable ribozymes have 
only been described for small mol . ligands such as org. or inorg. mols. 
Regulatable ribozymes that are controlled by proteins, peptides, or other 
macro-mols. Thus, the present invention is directed to RCANA that 
transduce mol. recognition into catalysis. Also disclosed are compns. and 
methods for automating the selection procedures of the present invention. 
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AB Compns. and methods are provided to make, isolate, characterize and use 
regulatable, catalytically active nucleic acids (RCANA) . RCANA may be 
used for regulating gene expression and in assays to detect the presence 
of ligands or to detect activation by an effector of an RCANA bound to a 
solid support such as a chip or multi-well plate. Also disclosed are 
compns. and methods for automating the selection procedures of the present 
invention. In addn., the invention claims diagnostic and therapeutic 
applications. One example of the invention involves construction of an 
RCANA by PGR using primers from the P6 region of the Group I ribozyme, 
cloning of the RCANA or in vitro transcription followed by RNA purifn. , 
and demonstration of theophylline -dependent splicing activity 
towards the bacteriophage T4 gene td intron in vivo or 

in vitro. As another example of the invention, an RCANA was isolated with 
an activity that was increased 75,000-fold in the presence of its protein 
effector, Neurospora crassa mitochondrial tyrosyl tRNA synthetase (Cytl8) . 
This RCANA was selected from a pool of randomized sequences spanning the 
catalytic core of LI ligase by selecting for the ability to ligate an 
oligonucleotide tag in the presence of the CytlS effector and affinity 
capture of the oligonucleotide tag. The in vitro selection can be 
automated by immobilization of targets on beads and high-stringency washes 
to remove non-binding species. Activity of another protein-dependent 
ribozyme was increased 3,500-fold in the presence of hen egg white 
lysozyme. The lysozyme -dependent ribozyme was also activated by turkey 
egg white lysozyme but not by T4 lysozyme and was inhibited by a 
lysozyme-specif ic RNA binding species. A peptide-dependent RCANA was 
isolated with an 18,000-fold increase in its activity in the presence of 
the arginine-rich motif (ARM) from the HIV-1 Rev protein but not the ARM 
from HTLV-I Rex protein. 
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Background: Allosteric ribozymes (aptazymes) that have extraordinary 
activation parameters have been generated in vitro by design and , ^ ^ 
selection. For example, hammerhead and ligase ribozymes that are activated 
by small organic effectors and protein effectors have been selected from 
random sequence pools appended to extant ribozymes. Many ribozymes, 
especially self -splicing introns, are known ^ ^ ^ 

control gene regulation or viral replication in vivo. We attempted to 
generate Group I self-splicing introns that 

were activated by a small organic effector, theophylline, and to 
show that such Group I aptazymes could mediate theophylline 
-dependent splicing in vivo. Results: By appending aptamers to the Group I 
self -splicing intron, we have generated a _ ^ ^ -, 

Group I aptazyme whose in vivo splicing is controlled by exogenously added 
small molecules. Substantial differences in gene regulation could be 
observed with compounds that differed by as little as a single methyl 
qroup The effector-specificity of the Group I aptazyme could be 
rationally engineered for new effector molecules. Conclusion: Group I 
aptazymes may find applications as genetic regulatory switches for 
generating conditional knockouts at the level of mRNA or for developing 
economically viable gene therapies. 
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Allosteric ribozymes (aptazymes) that have extraordinary activation 
parameters have been generated in vitro by design and selection. For 
example, hammerhead and ligase ribozymes that are activated by small org. 
effectors and protein effectors have been selected from random sequence 
pools appended to extant ribozymes. Many ribozymes, esp. self- 
splicing introns, are known control gene regulation or 
viral replication in vivo. We attempted to generate Group I self 
-splicing introns that were activated by a small org. 
effector, theophylline, and to show that such Group I aptazymes 
could mediate theophylline -dependent splicing in vivo. By 
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appending aptamers to the Group I self -splicing 

intron, we have generated a Group I aptazyme whose in vivo 

splicing is controlled by exogenously added small mols. Substantial 

differences in gene regulation could be obsd. with compds . that differed 

by as little as a single Me group. The effector-specificity of the Group 

I aptazyme could be rationally engineered for new effector mols. In 

conclusion, group I aptazymes may find applications as genetic regulatory 

switches for generating conditional knockouts at the level of mRNA or for 

developing economically viable gene therapies. 
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Background: Allosteric ribozymes (aptazymes) that have extraordinary 
activation parameters have been generated in vitro by design and 
selection. For example, hammerhead and ligase ribozymes that are activated 
by small organic effectors and protein 

effectors have been selected from random sequence pools appended to extant 

ribozymes. Many ribozymes, especially self -splicing 

introns, are known control gene regulation or viral replication in 

vivo. We attempted to generate Group I self -splicing 

introns that were activated by a small organic 

effector, theophylline, and to show that such Group I aptazymes 

could mediate theophylline -dependent splicing in vivo. Results: By 

appending aptamers to the Group I self -splicing 

intron, we have generated a Group I aptazyme whose in vivo 

splicing is controlled by exogenously added small molecules. Substantial 

differences in gene regulation could be observed with compounds that 

differed by as little as a single methyl group. The effector-specificity 

of the Group I aptazyme could be rationally engineered for new effector 

molecules. Conclusion: Group I aptazymes may find applications as genetic 

regulatory switches for generating conditional knockouts at the level of 

mRNA or for developing economically viable gene therapies. 



